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Ozet 

Bu calismanin amaci, 45 derece oblik acida ¢cekilmis manyetik rezonans (MR) gé- 
runtiilemenin karmasik servikal patolojilerde ve ameliyat sonrasi degerlendirme- 
deki faydasini vurgulamaktir. 2002 ve 2007 yillari arasinda dejeneratif servikal 
omurga bozukluklarindan dolayi 252 hastaya cerrahi miidahalede bulunduk. Bun- 
larin takiplerinde baz! hastalar devam eden k6k agrisindan dolay! servikal spinal 
MR ile degerlendirildiler. Burada, servikal oblik MRin etkinligini ortaya koymak icin 
dort vaka takdim edilecektir. ilk vaka, ameliyat 6ncesi dénemde de cerrahi kara- 
rinda oblik MR gériintillerinin 6nemini vurgulamaktadir. ikinci vakada, oblik g6- 
riintiilere dayanarak reoperasyona karar verilmistir. Ugiinci vaka implantlarin ne- 
den oldugu artefaktlara, ve bu durumda 45 derece oblik MR goriintiilerinin fay- 
dasina dikkati g¢ekmektedir. Dordiincti olguda, servikal implanta ragmen oblik ke- 
sitlerde foramenlerin saglikli degerlendirilebildigi gériilmektedir. Ameliyat son- 
ras! dénemde, alisilmis MR gériintillerinde herhangi bir patolojiye atfedilemeyen 
devam eden kok agrisi olan servikal implantli hastalar, oblik servikal MR’dan fay- 
da saglayabilirler. 
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Abstract 

Aim of this study was to appraise the efficacy of 45° oblique Magnetic Resonan- 
ce (MR) Image in complicated cervical spinal pathologies and postoperative eva- 
luation. Between the years 2002 and 2007 we practiced 252 surgical interventi- 
ons due to degenerative cervical spinal disorders. In their follow-up, some of the 
patients were evaluated by oblique MR images because of persistent radiculo- 
pathy. Four cases were presented to notice efficacy of oblique MR imaging. First 
case emphasizes its importance also in decision of treatment in the preoperati- 
ve period. In the second case, reoperation was decided regarding oblique MR ima- 
ges. Third case draws attention to the artifacts due to implants and efficacy of 
45° oblique MR images in such circumstances. In the fourth case despite the imp- 
lants, foramina could be visualized clearly in oblique cuts. Patients with postope- 
rative radiculopathy with implants that could not be ascribed to any pathology vi- 
sible in the conventional MR sequences might benefit from oblique MR imaging. 
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Introduction 

Degenerative cervical spinal disorders usually present with ra- 
diculopathy. Natural aging process outcrops imminent degen- 
erative changes in the cervical spine (CS) consisting instabil- 
ity, disc herniation, and spinal stenosis [1]. The neural foramen 
of the CS has an almost elliptical shape and is oriented in an 
oblique position [2,3]. Conventional plain radiographs at an 
oblique view show the neural foramen of the CS, however they 
are of limited value in evaluating neural foraminal pathology. 
Therefore, techniques for visualizing cervical neural foramen 
have been developed. 

Improved visualization of anatomic relations has been demon- 
strated for both Computerized Tomography (CT) and Magnetic 
Resonance (MR) imaging via oblique plane slices [4,5]. 
Additional acquisition of oblique MR images, thus, facilitates 
the identification of disease by providing a second orthogonal 
imaging plane in the relevant diseased area. Accurate evalua- 
tion of the structures within the hourglass-shaped neural fora- 
men is of great importance in the operated levels of the CS 
as well. Postoperative persistent cervical radiculopathy usually 
requires MR imaging study. Especially for the cases in which 
implants (cage, plates and screws, etc.) are used, the artifacts 
deteriorate quality of images obtained in routine sequences. 
In this study, it has been aimed to depict the efficacy of 45° 
oblique MR images in selected patients for delineating forami- 
nal pathology via sample cases particularly in the postoperative 
period. 


Case Report 

Between the years 2002 and 2007 we practiced 252 surgical 
interventions due to degenerative cervical spinal disorders. In 
their follow-up, some of the patients were evaluated by oblique 
MR images because of persistent radiculopathy. Using an axial 
scout image and arranging line cursors perpendicular to one 
neural foramen and parallel to the opposite foramen, we ob- 
tained oblique plane images. This allowed us to discern the 
nerve root ‘en face’ on the side studied, that was comparable 
to a 45° oblique plain radiograph. Because of the physiological 
lordosis of CS, all of the foramina may not always be visualized 
in one image, but usually two consecutive images will be suffi- 
cient to demonstrate all cervical foramina on each side [2]. Four 
cases are presented to notice efficacy of oblique MR imaging. 
First case emphasizes its importance also in decision of surgi- 
cal treatment. 


Case 1 

A 37-year-old patient with neck and left upper extremity pain 
for two months was evaluated with cervical spinal MR im- 
ages and although sagittal images readily showed C6-7 pos- 
terior disc protrusion, axial images did not confirm herniated 
disc within surgical limits (Figure 1a,b). Hence in addition to 
the traditional images, 45° oblique MR imaging sequence was 
performed to clarify the root in neural foramen. Oblique cuts 
revealed left-sided neural foraminal pathology far more promi- 
nent than previously evaluated traditional cuts (Figure 1c). 


Case 2 
A 68-year-old woman was operated for C5-6/6-7 cervical disc 


Figure 1. Sagittal cervical MR image of case 1 nearer to the left side suggests 
herniation of the C6-7 disc. However ventral subarachnoid space seems to be 
patent(A). Axial MR image of the same patient at the relevant level does not 
support disc disease(B). However, 45° oblique MR view reveals (arrow) foramina 
impingement at C6-7 level that explains the complaints of the patient(C). 


disease. Anterior discectomy and fusion with polyetheretherk- 
etone (PEEK) cages was performed. However, she had neck and 
left upper extremity pain that began one year after the opera- 
tion and deteriorated since then. MR imaging study revealed 
loss of lordosis and sagittal view suggested dural indentation 
at C5-6 and C6-7 intervertebral disc levels (Figure 2a). 45° sag- 
ittal oblique images revealed neuroforaminal stenosis at C56 
level on the left side and redo surgery was decided (Figure 2b). 
En face image on the right side did not reveal any foraminal 
pathology (Figure 2c). 


Figure 2. Sagittal MR image of case 2 with implants at C5-6 and C 6-7 levels 
suggests dural indentation at the operated levels and C6-7 level seems more 
problematic(A). However, 45° oblique MR view discerns (arrow) C5-6 foramina 
pathology rather than the consecutive level(B). 45° oblique MR view did not reveal 
any foramina pathology on the other right side(C). 


Case 3 

A 58-year-old man who had C6 corpectomy, C5-6/C6-7 dis- 
cectomy and fusion with expandable cage implant admitted to 
our hospital. Cervical AP/L radiographs and MR images were 
obtained. Traditional sagittal and axial MR images were not 
informative about neural foraminal pathology because of the 
implant artifact, therefore 45° sagittal oblique sequence was 
added (Figures 3, 4a,b). Oblique cuts demonstrated neural fo- 
raminal structures ‘en face’ and despite the implant at the oper- 
ated level, images were clear enough to say that there was not 
any foraminal pathology (Figure 5). After fortnight’s medical 
treatment, patient’s complaints resolved. 
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Figure 3. Patient with C6 corpectomy, C5-6/C6-7 discectomy and fusion with ex- 
pandable cage implant. 


Figure 4. Traditional MR images of both levels were not informative about the 
operated levels because of the artifact of the implant (A,B). 


Case 4 

A 22-year-old man with C7 traumatic fracture was operated. 
C7 corpectomy, iliac autogenous bone grafting and C6 and Th 
1 fusion with plate was performed. At his third month follow-up 
examination, neural structures in the relevant foramina were 
evaluated via 45°oblique MR images. Artifact because of the 
implant in the axial view was not present in the oblique sagittal 
view (Figures 6,7). 


Discussion 

The compression of the cervical nerve roots in the neural fora- 
men is one of the most common reasons of cervical radiculopa- 
thy. Protruded discs and osteophytes are likely to cause nerve 
root compression anteriorly in the uncovertebral articulation 


alelene 

Figure 5. Additional 45° oblique MR sequence was added and oblique cuts demon- 
strated neural foramina structures ‘en face’ and despite the implant at the oper- 
ated level, clear images were obtained. There was not any foramina pathology at 
the operated levels. 


Figure 6. 45° oblique MR sequence discerns that intraforaminal neural structures 
are untroubled. 


region. Superior articular process, the ligamentum flavum, and 
the fibrous tissue surrounding the radix usually outcrops nerve 
root compression posteriorly [6]. With MR images, each fora- 
men is outlined by a dark line corresponding to the compact 
cortical bone of the inferior pedicle cortex superiorly, the su- 
perior pedicle cortex inferiorly, the posterior cortical bone of 
the vertebral bodies anteriorly, and the cortical bone of the 
posterior elements posteriorly [7]. The exact anatomic struc- 
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Figure 7. The artifacts caused by the implant deteriorate axial images of case 4. 
It is hard to assess roots and dural indentation. 

tures that affect the nerve root may vary for each individual. 
However, some pathologies of the cervical root in the relevant 
foramina may stay quasi concealed because of the limited abil- 
ity of traditional sagittal MR images in evaluating the neural 
foramen due to its oblique course. Reformatting standard axial 
CT images of the CS in an oblique plane produces excellent 
visualization of bony structures of the neural foramen, but to 
elucidate the pathology for each individual, MR imaging study 
is of great use and to the benefit of the patient. Appropriate 
use of oblique section can improve MR image quality and diag- 
nostic value [8]. By a simple modification of an existing pulse 
sequence program, oblique images of CS can easily be obtained 
and spatial orientation can be established so as to asses per- 
taining foramen and root [9]. MR imaging is considered the gold 
standard for visualizing soft tissue, whereas CT is still applied 
for identifying bony abnormalities. Oblique MR has begun to be 
adopted into the conventional technique for the CS [10]. 
Oblique MR views can be employed when routine axial and sag- 
ittal images fail to clarify the situation [11]. Therefore, elec- 
tronically activated oblique plane imaging was used to show 
the nerve roots ‘en face’ in their respective neural foramina [7]. 
Despite a successful surgical decompression, osteophytes have 
the propensity to regenerate in time. Persistent radicular pain 
in the early postoperative period instigates surgeon to expedi- 
tiously evaluate the patient by any attainable means. In such 
confounding circumstances, to verify sufficient decompression, 
postoperative anatomic condition of the neural foramen has to 
be evaluated. Custom MR images on axial and sagittal planes 
may not depict the pathology clearly because of the fibrous tis- 
sue in the region. Likewise, implant artifact impairs axial views. 
That compels the surgeon to contend with the difficulty of inter- 
preting an unclear view and correlating it with the symptoms of 
patients. 45° sagittal oblique cuts through the neural foramen 
that displayed the nerve roots ‘en face’ within the relevant fora- 
men were preferred. Perpendicular positioning of the images in 
the axial scouts provided images of the root remote from the 
foreign body. That gave less artifact and more accurate view of 
the afflicted structures as described in case 3. 

45° oblique MR images more clearly demonstrate the pathol- 
ogy also by making the images less apt to be affected by ar- 
tifacts, particularly in the patients with cervical implants. This 
could be ascribed to obtaining images in 45° oblique cuts on 
a plane some more distant from the instruments compared to 
the simple sagittal views. That might be namely an escape from 
deteriorating effect of the implants. Increased time that the 


patients have to spend in the scanner for the additional images 
is the only drawback of obtaining 45° oblique views; however, 
obvious advantage of the 45° sequences in delineating the pa- 
thology in the most confusing postoperative cervical spinal ail- 
ments makes it commendable. 

To conclude, patients with postoperative radiculopathy with 
implants that could not be ascribed to any pathology visible in 
the conventional MR sequences might benefit from oblique MR 
imaging. Despite the artifact of implants in conventional axial 
MR images, additional 45° oblique MR sequence discerns more 
accurate root and foramen relation in the cervical spine. 
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